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S
INCE EARLY 2003, S!GNIf!CANT 

numbers of military personnel 
have deployed in support ofOp­
eralion Imqi freedom (aIf'). Al­

though contemporary hatlleflcld mea­
suresr have improved war-zone survival. 
success in prevcnting fatalities has not 
eliminated ,Idverse physical or men­
tal U health consequcnces . One major 
war-related health risk is brain dys­
function . 

Brain dysfunction is often indi<.~lted by 
neuropsychological (ie, cognitive and 
emotional) impairment. In past mili ­
tal)' conflicts, cognitive impairmcrll flg­
ured prominently amfmg veteran heallh 
cornplai nL<;, ranking fourth among 1991 
Gulf\Varvctefans in govcmmcnt health 
rcgistrics.~ Because of its potential nega­
tive impau on occupational and psycho-­
social fUllctinliingH in a preJomi­
nalllly young population, war-related 
neuropsychological impairment has sig­
niflcant public heahh implications. 

Yet, the conseque nccs of war-zone 
deploymt:nt on neuropsychological 
ht:,llth remain poorly understood. 
Knowledge gaps s tem largely from a 
lack of baseline (prcdcploymcm) hcalth 
informal ion, reliance in large studies on 

For editorial comment see p 574. 

Context The effects of war-zone deployment on neuropsychological health remain 
poorly understood. Neuropsychological performance deficits serve as sensitive mea­
sures of neural dysfunction and are often associated with psychOSOCial and occupa­
tional problems. Previous studies have not conducted objective neuropsychological as­
sessments both before and after a major war-zone deployment. 

Objective To examine objective neuropsychological outcomes of Iraq War deploy­
ment in a large military cohort. 

Design, Setting, a nd Participants The Neurocognition Deployment Health Study, 
a prospective, cohort-controlled study conducted at military installations. This report 
centers on 961 male and female active-duty Army soldiers drawn from the larger cohort. 
Deploying Army soldiers (n=654) were examined prior to deployment to Iraq (April­
December 2(03) and shortly after return (within a mean of 73 days (median, 75 days): 
January-May 2005) from Iraq deployment. A comparlson group of soldiers (n=307) 
similar in military characteristics but not deploying overseas during the study was assessed 
in sessions timed to be as close as possible to the assessment o f deployers. Military unit 
sampling procedures facilitated representation of combat, combat support. and com­
bat service support functions among both deployers and nondeployers. 

Mai n Outcome Measures Individually administered , performance-based neuropsy· 
chological tasks. Est imates (It the unstandardized parameter estimate) for the abso­
lute d ifferences in adjusted mean outcome scores between deployed and nonde­
ployed groups were determined using generalized es timating equations. 

Results Mu ltiple linear regression analyses adjusted for battalion membership re­
vealed that Iraq deployment, compared with nondeployment, was associated with neu­
ropsychological compromise on tasks of sustained attention ([:)=0.11: P< .(01). ver­
ballearn ing (j:l =-1.51: P=(03), and visual-spatial memory (11 =-3.82: P< .(01). Iraq 
deployment was also associa ted wi th increased negative state affect on measures of 
confusion ([:) = 1.40: P< .(01) and tension (13: 1.24: P<.(01). In contrast, deployment 
was associated with improved simple reaction time (11=4.30; P::.(03). Deployment 
effects remained statistically significant after taking into account deployment-related 
head injury and stress and depression symptoms. 

Conclusion s Deployment to Iraq is associated with increased risk of neuropsycho­
logical compromise. Findings point to the need to investigate further the impact of 
deployment on neural functioning . Public health implications include consideration of 
neuropsychological compromise in health prevention and postdeployment clinical and 
occupational management. 
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subje(.: live oUI(.:ollle indil:es, assess­
ments conducled long (sometimes 
yt:ars) after war-zone cxposure, and in­
frequent use of appropriate nonde­
plOYI'd comparison samples. 

Our slUdy objeclive was to examine 
neuropsychological outcom~ follow­
ing Iraq deplormcm. The swdy incor­
porated a prospective, cohon-con ­
trolled design measuring subjective and 
objective neuropsychological out­
comcs in US Army soldiers deploying to 
Irnq. Army soldiers wi th similar mili­
tary characteristics from unilS not de­
ploying overseas comprise the compari­
son group. i3.bed on the anticipalion thaI 
Iraq deploYll1etll would involve risks of 
neuropsYl:hological compromise (eg. 
el1\'irol1!l1ental exposures, prolonged 
phYSiological arousal associllled with 
survival responses, head inJul)'), we hy­
pOlhesized that deployment would be as­
sociated with adverse n!.:uropsychologi­
cal oUlcomes. 

METHODS 
Study Population and Design 

lluma n subjects approval was ob­
lain!.:d from human subjects re$Car(.:h rc­
view boards of the Army, Tulane Uni ­
versity Health Sciences Cenler, and Ihe 
Department ofVeter:11ls Affairs. All par­
t iciplllllS provided wriuen informed 
l:onsent prior 10 participation. 

The target population was male and 
female lIctive dUly US Army soldiers 
serving between April 2003 and June 
2005. Part icipants were categorized by 
their deployment stallL<; during the study 
period: Ihosedeployed to Iraq and lhose 
nOl deployed overseas. MilitalY units al 
high likelihood of deployment during 
the study period Wl:re assessed prior to 
deploymenl to Iraq (lime I. between 
April and December 2003) and ag.1.in fol­
lowing their relUrn (time 2, between 
January and May 2005). Although miH-
1;11)' unit deployment stants during Ihe 
sludy period could be ant icipated, each 
unifs and participant's deploymen t was 
suhJec l 10 !.:volving miliwry opera-
110nal requiremelHs and could not be 
verified umil time 2. Uni ts at low like­
lihood of irdq deploymelll during the 
swdy were also assessed twice, at peri-

ods limed to be as close as possible to 

their deploying counlerpartS. At time I. 
most deployers belonged to units thm 
were anticipated to deploy to Imq within 
75 days and were function ing under con­
ditions of increased oper:Hional de­
mands. I3ccause nonJeployers were pre­
paring for extended lntensh'e desen 
naining within the continental Uniled 
Slates, they were also functioning at in­
creased Opef<uional lempo. 

Sampling 

To capture heterogeneous deployment 
experiences and geographic scpllralion 
wilhin the war zone, unit select ion was 
basccl on a modified categorizalion pro­
ced ure.8 Deploying and nondeplo>·i ng 
units represented combat, combat sup­
port. and combat service support func­
tions and were wellmalchcd in Ihese at­
tributes. BaU:llion-level uni ts Originated 
from Fort Ilood, Texas, and Fort Lewis, 
WashinglOn. Battalion leaders were 
asked 10 refer potential participants:1I 
random (eg, every lhird !lame on lhe 
unit roster) to fadli t:ue a sample repre­
sentative of the baualion. 

Polential partiLipanlS consented in­
dividually and were provided with a V.~dy 
10 exit the study arca unobserved if they 
declined to participale. SUldy volun­
teers were excluded if pending separa­
tion from service or reassignmellllO ;111-

oth!.:r inSlallation at time I or if unable 
to complete the study protocol because 
uf physical limitaliuns (eg, a broken 
hand). In addition , time I participants 
no longer allhcir originating miliul)' in­
slallations were invited to complete the 
survey ponion of the protocol via mail 
but are not included in the analyses be­
cause of lhe infeasihilily uf collecting pri­
maI)' performance-based neurobeh:\V­
ioral OU lcome tn!.:asures wi thout in­
person administration. 

Sample size determinations were cal­
culated taking imo consideration sta­
listical power and possible attrition 
from time I to time 2. Estimated at tri­
lion (20%) was based un lInticipation 
of atypical deployment duralions and 
mililary dischllrgcs. Using a tt l:nlional 
dala from a previousdeploymcntswdy. 
calculalions determined that a sample 

of 600 deployed and )00 nonde­
ployed sold iers (adjus ted for a tlTi­
tion) would provide 80% power to de­
tec t average change bel ween the 2 
groups corresponding to a small to me­
dium effeci size of 0.29 at the 05 sig­
nificance level after Bonfcrroni adjusl ­
ment for 10 comparisons (1':5 .005). 

Assessmellt protocol 

Comprehe nsive descrip tion of pri­
mary assessment data and secondal)' 
data obtained from automaled mili ­
tary databases has been published else­
where." Measures relevant to hypoth­
c.~es addressed in this re]lon follow. 

Dell1ogrllphic, NeurOTlledkal, and 
His torical lnformation, Each assess­
rnellt documented current demo ­
graphiC and military information (eg, 
age. rank), risk factors for neurup~)'cho­
logical disorders (eg. history of neurode­
vclopmental disorders, psychiauic dis­
orders, brain injury), and si tuational 
faclOrs (eg, recent sleep and alcohol usc) 
pOlentially affecting neuropsychologi­
cal performance. Self-reported race! 
emnicitydata were gathered 10 hclpgauge 
the representativeness of the sample. At 
time 2, dl:ployed participants were illler­
viewed ahoUl their locmions while in Iraq. 

Performance-Based Neurnpsycho-
10gic;11 Tes ts. Ahhough nwropsycho­
logical measures applied in clinical COll­
texts are typically in terpreted using 
deviations from norm~ilive v~llucs to fom} 
localized or syndromal diagnoses. lO

·
n 

However, epidemiological s tudies usc 
neuropsychologkal measures as con­
linuous OUlcomes 10 identify relation­
ships in populations benveen expo­
surcsand petfonnance pattenls indic.1tive 
of brain dysfullclion,u.n documenting 
sublle population shifts at scores fre­
quently faIling short or the range of clini­
cal impairment. 

Test bllttery seleclion emphaSized 
continuous outcome measures and COIl ­

struCI domains (sustained allcnlion, 
working memory!executive function­
ing, fine motor speed, \'erblll and vi ­
sual learning and memory, reaction 
time. and cognilive efficiency) sensi· 
tive to s trcss-relmed disorders and neu­
rotoxicant exposures (TABI.E 1). 

510 JAMA. Augu" 2. l OO6---Vol l%. No.5 (Reprinted) (')1006 American Medical Association. All rightS rcs~,,"cd. 
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Computcr-;lssisted tasks were de­
rived from the AUlOm;lted Neuropsy­
chological Assessment Metri!; (ANAM)19 
and the Neurobehaviornl Evaluation Sys­
tem, third edition (NESJ)1°·11 and re­
quired bUllon-press responses. For the 
ANAM, scores rclleUing accuracy and re­
sponse time ("throughput~) werc crc­
aled to measure a reaction time variable 
and cognitive efficiency ;lcross mhcr neu­
ropsychological domains. Motor speeu 
was measured by mean taps per 10-
second interval on ANAM tapping. The 
NESJ Continuous Performance Task is 

Table 1. Description of Outcome Measures 

In''tl\lmenl 

Subjective outcome indices 

a sustained (approximately 8-minute) at­
tention lask requiring detection of tar­
gelS from a random sequence of dis tmc­
tor stimuli_ 

Non---compUier administered t[l!;h in­
cluded the Tra ilmaking Test, !l the 
Wechsler Memory Scale, third edition 
(\VMSJ) 16 Verbal Paired Associates (re­
quiring learning and subsequent recall 
of unrelated word pairs) . and the \VMSl.l 
Visual Reproductiort<; (requiring repro­
duction of 2-dimcnsional gcomctric de­
signs from memory immediately after 
their presemalion and ;lfter a delayed in-

Oomain Assessed Variable" 

tCfval). For the Trailmaking Test , lime 
10 complete Part A (drawing lines be­
tween numernls in sequential order) was 
subtracted from lime 10 complele Pan 
n (drawing lines between sequential 
numbers and lel lers in alternation). The 
subtraction procedure parcels OUI ba­
sic attentional. speed. and visual track­
ingskills. resulting in a beller measure 
of working memory and cognitive flex­
ibility. For the WMSJ Verbal Paired As­
sociates and WMS Visual Reproduc­
tions, the percentage of retention (Verb.11 
Paired A~sociatcs: delayed recalVtrial4 

Normativol 
Possibte Reference Group 

Score Range Mean (SO)"·"" 

MOSCF SC~-rerx:>rted impact of Derived. 4· item ccmposite S1andardizod to 0-1 00 82.4 (16.5)t 
cogMive rxoblems Otl daily ~ 

functionirg 

POMS Self-repOrted state affect: anger. &Jmmary T scores Standardized 10 30·00 50(10) 
depmssion. confuSlOO. 
fatigue , tEJ)S!Ofl , vigor 

Alt€l1tior1. workll'<;) memory. executive 
Tmilmaking 8~A Wcrl<ing moolOly/execubve log· transformed time (5) NA NA 

functlOl'ing to ccmpIeliorl 

NES3CPT Sustanng attElr1tionlvigilame Log·lransformed No of NA NA 
(J-If)f time ; target detection omission GlTors, No. 01 

commissi<xl ~ 

Learning and memory 
WMS3 VBfbaI Paired ASSClCiatos I VOft)aI -audtory learnng T olal COllect. triats t ·4 0 ·32 19-21t 

INMS3 VBfbaI PaLred Associates II Vorbal-auditory momory 01'01" % rotmtlOO (tVtrial4 0-100 NA 

"~ x 100) 

¥VMS Visual Reproductiorls t Visual -spatial short-term desig1 Acctxate eIomoots , cards 0-14 10.48(1.93) 

""" A-C. imnediate 

WMS VISUal ReproductiorJs II Visual-spatial memory rNa( lime % mtmtton (till x HX)j 0-100 NA 
$;mple reactIOn time 

ANAM SI/T'PIe reaction t...-ne Roactioo lIme 10 simple. Throogllput sca-e§ NA 218.3 (33 ,7) 
recul"lT"g stimuw 

();qlil ive efficiercy 
ANAM code SUbstitution, learn ing Effcieocv fi matching ThrOJgilput score§ NA 46_4 (9.?) 

digit-SYlliJol pairs 

ANAM coOe substituhon , delay Effic>ency recognizing Throug/lput score§ NA 42.4 (12) 
dig,t-symbol pairs from 

""""" ANAM rnlilching 10 WrT'pie Effociency 01 design reGOg1itiorJ ThrClllCjlput score§ NA 37.8112) 

""""" ANAM logical rOOtiorls Efficiency ill reasoning Througtlput scoro§ NA NA 
ANAM rnatllomatical prOCOSSiOQ Efficioncy porforrnng simpk;! ThrOlJfl1P'Jt scort:l§ NA 18.? (6.3) 

rn€r1tal C<JIT1putat>ons 

ANAM I\Jf\(lng memory Efficialcy 01 working memory Thrcughput score§ NA NA 
Fne rootor sPOOd 

ANAM tapPIng ("\111. Icf\) Fino motor spood: dOITh'l1al1t Moan No. of li -.gor taps L!1 NA NA 
(Vl(j nondomnanl hands l Os across 2 trials 

AIJt>r1Jw!tiorls: ANAM, Automat&:! Net .. ~aI ~ MaIric; NA, not~: MOS-cf'. Medical OtJlcomas SllXI)i Cogn!J\oe Func\.i(r;ng Scale: NES3 CPT, Ne,J­
~ Eva-Untk;on SysI:em, trw-d ooitioo, Cootinuous P",,<>rma'1OO Task: POMS. ProfUa of Mood Srntes: WMS, Wed1sIer Memory Scale: WMS3 , WedlsIer Memory Scale 
Itord IIdt""'" 

' Nonnaw.. tUIla are not ~vaiIabIe lor bg· trwJslormed scor~ <:II for $CO'eS derived Irom wtltraclion Wl(! ralo;l c:Qr1lPUIatioos_ 
INcmiatM! data Inl 00sed on the 6- ilOO1~. 
IRango thai i;o"cOJces a scaled SCOfe 01 1 0 lor !YlJmaIMI re!oron:e gror.,p, 
§~t sceres reftect eI!~ fe. ~ " the context 01 t>CCI.r.lCyl 
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recall X ! 00; Visual Reproductions: de­
layed reclilVimmediate recall X 100;) re­
flects how well infonnlllioll was remem­
bered over time. 

All scores were free of subjeclive judg­
ment except for WMS Visulil Repro­
ductions, in which designs drawn 
from memory were scored by a ra ter 
according to set cri teria. Although the 
primary rater was aware of deployment 
Status. 10% to 15% of a randomly se­
lected sample of drawings from each as­
sessment episode were also scored by a 
second rater blinded to deployment sta­
tus.lmradasscolTCbtiOlts (0.78-0.95) in­
dic:Hed high intcrrater reliability. 

Deployment Experienccs, Emo­
t ion,11 Di stress, and f unctional Neu­
rocognitivc Health Percept ion. De­
ployment expcriences were quantified 
by a modificd version of the Deploy­
melll Risk and Resiliencc Inventory 
(DRR!)!'! Sta tc affect, commonly af­
feCied b>' neurotoxicant exposurc'o~ was 
measured with the Profile of Mood States 
(POMS).n Persistent s tress and depres­
sion symptom severity, assessed as po· 
tential covariates in outcome analyses, 
were qu~mtified by the PTSD Checklist 
(PClf6.l1 and the Ccnter for Epidemio­
logical Studies Depression Inven tory. 
9-item version {CES_ D) , l6.l ~ respec­
tively. The 4-item version of the Medi­
cal Outcomes Study Cognitive f unc­
tioning Scale (MOS-Cf)H assessed 
functional neurocognitive he~li dl per­
ception_ The DRRI. POMS, PCl, CES-D, 
and MOS--Cr arc all psychometric sclf­
report inventories yielding continuous 
variables. Although cut-poim scores am 
be applied to the PCL and CES·D as 
crude screeni ng estimates, nei ther in­
strument yields c!inkal diagnoses. 

As~cssmenl of Response Valid ity. 
Validitr of response profiles on ques­
tionnaires was ;1$Sessed via inspection 
of scales with bidirectional items (eg, 
a score of 5 endorses pathological func ­
tioning 011 some items and intact func­
tioning on others). If~, respondent pro­
vided all extreme responses in the same 
direction on ;1 scale with bidirectional 
items, that respondelll's data were n01 
analyzed . The Test of Memory and Ma­
lingering,"lO tria l I, was adminis te red to 

assess cognitive engagemcnt. Data from 
participants scoTi ng below 38.;1 cutoff 
found to show reasonable sensitivity 
and specificity in detecting insuffi ­
cient dTort on neurobehavioraltasks.11 

were also excluded from amdyses. 

Procedures 
Assesslllents were conducted at mili­
tary installations by a civilian exam­
iner team. All performance-hased 
neuropsychological measures were in­
dividually ;u.lministered according to 
scripted, staodardized instructions. Par­
tic ipants completed the papcr-and­
pencil surveys in small groups. Exam­
ine rs and partici pants were typically 
aware of each parlicipant's anticipated 
deployment slatus at time 1 and ac­
tual deploymen t status at time 2. 

Statistical Analyses 

When data dis trihutions departed sig­
nificantly from nonllal. raw scores were 
normalized via logarithmiC transfor­
mation. POMS summary scores were 
converted to sex-hased T scores. Miss­
ing values for specific itemS on ques­
tionnaires (occurring in <3% of cases) 
were replaced br the mean value of the 
individual's completed items for thllt 
measure if the part icipant responded to 
al least 50% of t he items. If fewer than 
50% of the items on a measure were 
cOlnpleted, summary SCOTes were nO! 
computed. Outliers were truncated at 
3 SDs from the mean. 

Baseline characteristies and dirfer­
ences between time 2 respondents and 
nonrespondents were examined via I test 
or,c test, asapproprbte. To examinc pri­
mary hypotheses, we used SAS soft­
ware, version 8 (S1\S InSI.itnte Inc, Cary, 
NC) to fita generalized estimating equa­
tion linear regression model for('ach time 
2 outcome variable. The study inCOTpo­
ratl-d a cluster-sampling design. with par­
ticipams sampled with in baHalion ­
level mi litary un its. The generalized 
est imating equa tion regression lIC­
counts for correlation in responses 
among participant.s from the $<Ime bat­
talions to adjust for the multilevel stmc­
lUre of the sampli ng plan. Deployment 
status (deployed vs nondeployed) seried 

as the independent variable of interest. 
To accou nt for initial levels of out­
comes, the time 1 value for the time 2 
outcome measure of interest was en­
tered as a covariate in each model. Age 
at lime I. sex, years of education, aver­
age houTS of sleep per day in the week 
prior to time 2 assessment, and average 
lllllllbcr of stllndardized alcoholic drinks 
consumed per week during the month 
prior to time 2 assessment were also in­
cluded as covariates becausc of their p0-

tential innuenee on cognitive perfor­
mances. The model resulting from this 
covariate set is the core model. 

Significance levels were adjusted via 
Bonferroni corrections to avoid type I 
errOL Six teen neurobehavioral out­
comc and 7 subjective outcome mea­
sures werc considered, resulting in an 
adjustcd significance level of P=.003 
(.05116) for neurobehavioraJ data and 
P= .007 (.05n) for subjective data. 

Because of the potetllial for stress­
related symptoms and head injury to 
modify deployment - rela ted out ­
comes, the core ou\.come analyses were 
repeated in 3 sets with PCl su mmary 
scores, CES-D summary scores. or hcad 
injury with loss of consciousness in­
curred between {itne I and time 2 in­
cluded as a covariate. 

RESULTS 

Sample Characteristics 
At time I, approximately 94% (n = 1368) 
of the 1457 invited soldiers volun­
teered p..1rticipation. At time 2. soldiers 
assessed at time 1 who remained as­
Signed to units located at the same mili­
tary installation were again invited to par­
ticipate in the full study protocoL Of the 
1368soldiers assessed al time I, approxi­
mately 75% (72% from deployed lmilS 
and 80% frOIll nondeployed units) pm­
tidpated in the on-site assessment at time 
2. The predominant reason for nonpar­
ticipation at time 1 was separation from 
service (TABLE 2). Of the 1028 time 2 
participants, 26 completed question­
naires but d id not complete perfor­
mance tasks bcc.1USC of scheduling con­
flicts and were excluded from the 
analyses. Twenty-six parlicipants were 
excluded for invalid questionnaire re-

521 lAMA. Augus, 2. 2006-\'01 29/>, No 5 (Reprinted) 0 2006 Amerk. ,. Mt dical AssociaL ion . All righL~ rc.""I"'·"d. 
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sponscs and 15 for questionable cogni­
tive effort. resulting in a final sample of 
961. All but 23 dcplo)'ers examined prc­
deploylllent and posldcploymcnt served 
a 12-month Olr rolalion . 

In Ihe fina l samp\c, 654 parlici­
paIlLo; wne C"Jlegotized as deploying and 
307 as nondeploying. Pos lde ploy ­
Illenl assessmenlS o{;(;urred a mean of 
73:+ (SO, 19.8) days (median, 75 days; 
inlcrquartile range, 58-84 d:lYs) from 
each participam's return from Iraq, ex­
cept for 19soldiers who returned carly. 

Participallls in the final sample 
(T ABLE .3) generally reflecled the 
broader Olr-deployed Army popula­
tion. \Vomen were slightly underrep­
resetlled compared wit.h the expected 
proportion of contemporaneo usly 
deployed Army women Although 
enlisted personnel const.itute the major­
ily of deplo),ers, commissioned offic­
ers were nonetheless underre pre­
sented in Ihe sample. Al time I. ! 1% 
had participated in a prior major over­
seas operational deployment (3% i n 
2001 or later). The most prevalent 
mililary occup:nional categories were 
infantry/gun crew (35%). communica­
tion/intdligence (19%), dcctricall 
mechanical equipmcnt repair (13%), 
and service supply (9%). 

Comparison of Time 2 

Respondents and Nonrespondents 

Nondeployers (80%) were somewhat 
more likely Ihan deployers (72%) to 
participate at lime 2 (P ... 002). Among 
bOlh deployers and nondeployers. time 
2 respondenl5 and nonrespondetlls did 
nOI differ at lime I in age, marilal s ta ­
tus. years of for m;11 education. yeaTS 
served in the Army, self-reported race! 
ethnicity, or most baseline values of 
subjective and objective outcome mea­
sures. Among deployc rs. nonrespon­
dcnlS flttime 2 werc lllore likely at lime 
J to be female (18% vs 8%; 1>< .001). 
to be officers (6% vs 2%; P< .OOI), to 
repon more fatigue on the POMS 
(P", .04). flnd 10 perform less profi ­
Ciently on simple reaction time (P = .02) 
bUI more proncienlly on the \VM5 Vi­
sual ReproduClions immediate recall 
(P", .002). Among nondeployers, non -

NEUROPSYCI tOLOG1CAL OUTCOMES OF IRAQ WAR ARMY l'ERSONNEL 

respondents at time 2 were more likely 
at time 1 to be fema le (24% vs 9%: 
P< .OOI) and 10 descrihe themselves as 
raciaVethnic minorities (48% vs 35%: 

P=.02). In sum . there were few differ­
ences between respondents and non­
respondcnts, espedally on lime 1 out­
come measures. 

Table 2. Reasons for Nonparticipation at TIme 2 by Deployment Status 

TIme 2 NonrespondCl1ts, No. (%) , 
Deployed Unrls Nondeployad Units Total 

Reason for TIme 2 Nonparticipation {n .. 270} (n '" 79) (n '" 349) 

Separatioll from miulary se<Vica 134 (49.6) 53 (67 .1 ) 187 (53.6) 

Reassignment to aroothor m ilitary unrt 44 (16.2) 12(15.2) 56(16.0) 

Or1leave/at tralllinglCW1 SpeCial a5SIgI1Il"leIlt 38 (14.1) 6 (7 .6) 44 (12.6) 

000"'" 7 (2 .6) 5(6.3) 12 (3.4) 

Still 00pI0yIld 6 (2.2) 1(1.3)" 7 (2.0) 

Deactivated 511.9) 0 5 (1 .4) 

Sickllfljured 3(1.1) 1 (1.3) 4 (1.1) 

[)OCOO"'" 3(1.1) t (1.3) 4 (1 1) 

l''''~ 30(11.1) 0 30 (8.6) 

'Although the ~· S ..... I did ..... depby <j,.,'o"1g lhe 51...:!)' as a 9fOJP . the partqJool was ~ as an hdt· 
YiliJaI. 

Tabte 3. Demographic and Contextual Sample Characteristics at TIme 1-

Deptoyed Nondeployad Totat 
Variabte (n = 654) (n .. 307) {N=96I} 

Age. mean (SO). y 25.0 (5.3) 24.9(5.1) 25.0 (5.2) 

Race!BtIYlk:rtyt 285 (43.6) 106 (34.5) 390(40.7) 

VVttite 369 (56.4) 199 (65.5) 568(59.3) 

Africart American 106 116.2) 43114.1) 149 (15.6) 

Hisp;ric Ar'nErica1 96{1 4.7) 27 (8.9) 123 (12.8) 

AsIan AmericaI1 17(2.6) 15 (4.9) 32 (3.3) 

"0'", 66(10.1) 20(6.6) 86 (9.0) 

W_ 54 (8.3) 28{9.1) 82 (8.5) 

Erucation, mean (SO), y 12.5 (1.3) 12.5 (1.3) 12.5 (1.3) 

Yoors in Nmy, moan (SO) 4.1 (4.2) 3.9 (3.8) 4.0 (4. 1) 

Rank (enlisted) 641 (98.0) 300 (97.7) 941 (97.9) 

JlIIior enlisted (El-E4) 479 (73.2J 231 (75.2) 71 0 (73.9) 

Noncorrmissioned offICerS (E5·E9) 162(24.8) 69 (22.5) 231 (24.0) 

Officers (comm.ssioned or warTa'1t) 13{2.0) 7 (2.3) 20{2.1) 

Previous operational deployment 72 (11.0) 33 (12.1) lOS (11.4) 

M""" 297 (45.4) 146(47.6) 443 (46.1) 

Sloop per night in past '101<, rllG[W1 (SO), 11 5.9 (1.3) 5.9(1.2) 5.9 (1.3) 

NoohoIic drrl<s consumed per wi< 8.0 n 1.9] 8 I (12.4) 8. 1(12.1) 
in past mo. rTl(laI1 (SO) 

Currtllt cigarette smokers 31 t (47.6) 136 (44.3) 447 (46.5) 

Repoood taking medicahon [prescribed IX 18<1 (28.1) 99 (32.2) 283 (29.4) 
over the counter) in past 48 h 

RoporlOO taking proscribOO psydlOoct""'O or i1 (1 .7) 4 (1.3) 15 (1.6) 
a'1tfCC:(!wlsant medicatiOIl$ in past 48 h 

, . ) 
) 

VIoith loss of (5.4) 

Reported other nwromedical disoroor 19(3.0) 8 (2.7) 27 (2 .9) 

'Data are O>:P'essed !IS No. (%) \r>ElSS o~se <"(lIed. The S!If1llIe SI<:e v.:oies sig1!1y across observa!JOOS Oecau$a 
01 m.ssing data 

tP<Ol. 
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Baseline Comparison of Deployers 

and Nondeployers 
grapnic or conte xtual variables (eg, 
sleep, deve10pmelllal disorders, alco­
hol consumption) (Table 3), with the 
exception that nondeployers more fre-

Deployed and nondeployed part ici­
panl5 did not differ at time I on demo-

Table 4. Scores on Primary Outcome Measures and Emotional Covariates at Time 1 and Time 
2 Among Deployed and Nondeployed Particjpants~ 

Mean (SD) 

Time 1 Time 2 
II , 

Outcome Valiable Deployed Nondeployed De~oyed Nonde~oyed 

SubjectMJ rutcomo rxices 
MOSCF 78.07 (19.00) 77.68(19.45) 73.53(21 .01) 75.42(21.59) 

POMS aw, T SCQ"ej 48.76 (9.36) 48.76(9.78) 48.20 (9.33) 48.00 (10.21) 

PClMS deprossion, T sco:at 41.63 (7 .001 41.37(7.14) 41.19(6.91) 41.26 (7.331 

PClMS~, T sco:ot 42.29 (7.23) 42.07 (6.85) 43.43 (7. 18) 42.02 (7.37) 

POMS fatpo, T scoret 47.37 (7 .94) 46.71 (7.24) 47.61 (7.90) 47.36 (8.15) 

PClMS to"OO"l, T scorot 39.8 1 (7.46) 39.26(7.08) 40 .28 (7.50) 38.89 (7.36) 

POIvIS VIgOf. T sco:e 55.10(10. 11) 56.14 (10,051 53.82 (9.20 ) 54.62 (9.58) 

Attention, WOf1(f19 mornory, exocutivo 
Trairn<t<lrlg B-A. s U 0.81 (0.32) 0.82 (0.31) 0 .8 1 (0.29) 0.83 (0.30) 

NES3 CPT, C01YTlISSior1!ffl:>'SH 0.54 (0.54) 0 .57 (0.57) 0.52 (0.57) 0.49 (0.53) 

1'-.ESS CPr, ornssion en-on>H 0.29 (0.52) 0.24 (0,46) 0.27 (O.5:J) 0 .16(0.38) 

luomtlg ald memory V-., 
\NMS3 Verba Paired Associates, 18.44 (7 . II ) 17.73(6.56) 20.04 (7 .3 1) 21.3016.63) 

IoaTYlg trials, No. corroct 
'A'MS3 VaM Pared Associates , 90.11 (16.78) 88.67 (17. 10) 9 1.1 3(15.52) 92.01 (13.00) 

% retenti<xl 
VISUaI·spatlaJ 

WMS VISlIai Reproduct icr1s, 929(2. 18) 9.93 (2.24) 5.56(1.76) 6.74(1 .87) 
I'TYTl9(jate recam 

VVMS Visual Reproducticns. 91.05(12.26) 92.79(10 .51 ) 86,68(19 ,69) 90.98 (14.03) 
% retenoc:n 

~ reaction brne 
ANAM simple reactlOrl time 181.34 (27.30! 184.00 (28.66) 182.92 (29.061 179.94 (23.47) -Cognt.ive effidency 
ANAM cocIe subs!itutlCfl, 52.11 (9.51) 52.73(8.93) 54.58 (9.90) 55.70(8.76) 

Is!rring ttm.ghp.;t 
ANAM ood8 substlMlctl , 53.74(13.19) 54.62 (12 .68) 56.35(12.30} 66.73(11 .62) 

r.Ii*ly Ihf~ 
PNAM matdli"lg to S(Vl"fIIe 32.14(10.59) 32.45 (to.67) 32.66(10.88) 33.45 (10.69) ,.,""""'" 
f.W>M logiCal r~tlOflS thrwg!p;t 23.75 (7.37) 24.45 (l.80) 25.25(7.71) 25.56 (8.41) 

ANAM malhmlato::al processing 21.08(5.9 1) 20.80(5.71) 21.39 (6.15) 21.50(6.21 ) ,-
ANAM rLnr1o;j rruoory ltroL.9'lJUI 93.76 (18.22) 94.71 (18.67) 95.40 (18.86) 96.81 (16.71) 

Fne motor spood 
ANAM tapping (dornrl<Vll), 59.23(7,49) 58.5 1 (l .931 59.70(7.79) 59.49 (8.38) 

rTlOal No. Of tapS 

ANAM tappi)g (~). 53.63 {6.94) 53.:):)(7.75) 54.35 (7.53) 54.03 (7.76) 
meal No. 01 tapS 

Emotional COYaria:es 
PCl 501.,.9 Y sccres 29.12( 12.37) 29.62 \1 3. 12) 32.30 i1 3 . 13) 29.20(13.00) 

CES·O surrmary scores § § 7 .25 (5 .26) 7.00 (5.64) 

~. N-IAM,AuICm(\IOC1~AssessmmtMettW;:CES-D.Cern ... !a Epdemoob<jcal Stt.Oeso..­
prassic.-l f"Noot""l" MOS·O'. ~ Oo..lcomes Study Cog:'lIMl ~krw>g Sc8I9; NES3CPT, ~ EvaIu­
at"" Systmt. !I'rd 9<)101, Contn.o::us PerIormmoo ras\<; PO... PlSD 0!ecI<isI:: POMS. Pralle 0( Mood Slats<; WMS . 
WechsIolr Memory Scale; 1NMS3, Wed>sIo- Memory ScaIe, !hrd~. 

on-.. sa"fl)Ia ""'~ si;;1t1v aooss obso:.l<vabons because o! rrissi-'Ig data (rI - 950-900, excep( fe.- N-IAM fl'l<lthofroti. 
ca ~ end nJ'rW'>fl rT'I<!n1Cry, n - 9'23-0061 

tLaw..- sco-..s ranoct be!!fr r..nc!io;:nlg. 
t Log. tmnsfOtn'l9:j. 
§The CES-o was r>Ot oo--r;r.sta--Ild at tm.. 1 

quenlly identiried themselves as mciaV 
et h nic minorit ies (1' = .008). The 2 
groups did not differ at time I on neu­
robeh(lVioral or emotional measures 
(TABL!: 4) except th(u rJep(oyers per­
formed morc poorly on the \VMS Vi­
sual Reprodunions immediate recall 
(P< .00 I) than nondeployers. 

Test-Retest Interval 

The interval between time I and time 2 
for deployers was greater than for non­
deployers (mean, 16.9 [SO, 3.1 J months 
vs8.3 [SO, 2.21 months; P<.OOl). This 
was attributable to scheduling lime 2 
tes ting for nondeployers early enough 
to avoid possible early deployment and 
an unanticipated delay in deployment for 
I of the deployed unil5. To assess the in­
fluence of duration of test-retest inter­
v(ll on outcomes while holrJing unil 
membership and deployment status con­
stant , partial correlations controlling for 
core covari:nes ((lge, sex, education, al­
cohol use, sleep, and time I perfor­
ma nce) were conducted within the 3 
largest contributing brigade-level mili­
t,lTy units (2 deployed and I nonde­
ployed with ~288 personnel in each unit 
study sample) between test-retest inter­
val duration and all primary outcomes. 
Of a possible 69 correlations, only 6 were 
Significant at 1'<.05 and showed incon­
sistency across units, across v:lriables, 
and in the direction of the associ:nion. 

Description of Deployment 

Deplo>'ed soldiers reported being lo­
cated primari ly within 3 regions of Iraq 
during their deploymenL, although some 
participants reponed considerable move­
mel\1 throughout Iraq. Oeployers re­
ported significant combat anivi ty, even 
when assigned 10 support roles. Fre­
quently reported combal experiences in­
cluded receiving hostile incoming sm:lll 
arms-type fire (98%), participating in a 
support convoy (95%). and going on 
combm patrols/missions (91%). Many 
deployers reported wilncssing Ameri­
cans/alliL'S (55%) or enemy combatants 
(61 %) being seriously wounded or kilkd. 
Numerous soldiers reported receiving 
hostile incoming fire (35%) or partici­
pating in a C011lbal1l1ission (49%) daily. 
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Seeing people begging for food (98')(,), 

observing homes or villages dcslroycd 
(77%), and seeing AmcricaTL~ or allies af­
ter they had been severely wounded or 
disfigured in combat (63%) ranked 
among the most frcquemly reported of 
Other potenlial1y stressful war-zo ne 
events. Ninety-eight percent of de­
plo)'L-d p;lrticipants rqxmcd exposure to 
at least I potemial environmental agent 
(eg. air pollution, pesticides. OIher rou­
tinely used chemicals), although less than 
1% rqxlTIed exposure to chemical or bio­
logical weapons. Fourteen percent of de­
ployed participanls reported being 
wounded or injured in eomwl; 7.6% of 
deployers (vs 3.9% of nondeployers) spe­
cifically reported experiencing head in­
jury with related loss of consciousness 
bel ween time I and time 2. Following 
their deployment. 11.6%of deployed par­
ticipants screened posilive for likely 
PTSD, as determ ined by Ihe ~slricl" 
screening cri teria outlined by I-loge el al ): 
25.0% scored above a CES-D cutoff 
value/~ suggesting a heightened prob­
ability of clinically significall1 depres­
sion symplOms. 

Analysis of Primary Outcomes 

as a Function of Deployment 

Generalized cslimating equations re­
vealed significam deployment effects on 
WMS3 Verbal Paired Associates I (ini­
tial) recall. ~lS Visual Reproductions 
pc-rcemage retenlion. NESJ Continu­
ous Performance Task omission errors, 
ANAM simple rea!; tion l ime through­
put Sl.:orcs. and POMScoJlfusioJl and len­
sion subscales (TABLE 5). 

Deployers showed a greater dedine 
from lime I 10 time 2 on the \VMS Vi­
sual Reproductions retention than d id 
T1ondeployers (Table 4, Table 5, and 
TABLE 6). In addition. nondeplnycrs 
showed anticipated praetke effects from 
lime I 10 time 20n \VMS3 Verhal Paired 
Associatcs I and NES3 Continuous Per­
formance Task omissiolls. whereas de­
plo)"crs showed liule or no improve­
menl (Table 4, Table 5, and Table 6). 
The absence of pr.lclicc effects on cer­
tain cognilive tasks reflects impair­
ment , In contrast, ANAM simple reac­
lion lime performance changed little 

NEUIWPSYCIIOLOGICAL OUTCOM[5 OF IRAQ WAR ARMY PERSONNEL 

over lime for dep loycrs hut declined 
from time I 10 time 2 for nondeployers. 

Deployment was associa ted with lon­
gitudinal increascs in confusion and 

tension (Table 4 , Table 5, and Tahle 6). 
There were no Significant deployment 
effects in subjective estimates of cog­
nilive impai rment on the MOS-CF. 

Table S. Re~ul ts of Generalized Estimating Equation Adjusted for Battalion· Level Units With 
Core Covariate Set (Model 1) and hamining the Effects of Deployment Status 
on Neuropsychological Outcomes· 

Model 1: Core Covariates 

p Diroction of Effect 
Outcome Variable No. ~(95%Cl)t Value of DeploymCflt+ 

&.ojectivo OUICOOlO R::iros 
MQ&{;F 93g - 2.29 (-5.05 to 0.47) .w 
PCMS alger. T sco-o§ 939 -0.30 (-1 .28 to 0.67) " POMS U<vesSa" I scat..>§ -_0. 15 (-0.96 to 0.6/) .13 

POMS c:onfus01. T SC(l(~ ." l.40l0.7 1 102.oo) < .001 T 0'WaId gmatsr distress 
POMS fatigue, T so;;te§ 931J -0.10 (-1.1 5 to 0.94) .85 

POMS IOOSlal, T score§ "'" 1.24 (0.58 to 1.89) <.em Tov.ard grootsr distress 
POMS".;ga. T score 9J9 -0.34 (- 1.2 1 to 0.52) ... 

mernory,~ 

Pai"ad 942 - 1.51 (- 2.51 10-0.50) .003 Tow<Yolessp-oOOenl 
leaning trials. 

941 -0.51 ( 1.23to0.25) 

SirrpIe roac1KJfl trne 
ANAIv1 simple reoctUl timB 9" 4.03 (1.37 to 6.69) .003 T 0'WaId rrae pro6cient 

""""'''' CognitM) offlCif.n:;y 
ANAIv1 co.:le stbsIiMb1. 9'1 -0.78 (-1.59 to 0,(2) .06 

Iearir.g tl"roo...gtlp.rt 

ANAM co.:le Slbstrtutb1. "" 0_19 (-0_7110109) " --ANAM matching 10 ~ 938 -0.63 (-1 ,5110 0.24) .16 ,,,"'''' 
ANAM Iogca r€l1l1>Dns ItTo.'Il1(tJt 939 0_39l-O.37 to 1.11 ) " ANAM mathernato:;:al proces$ing aro -0.04 (-0.65 10 0.58) " ,.,"""" 
ANAM runr.-.g rronory Ulreo<j1p.Jt 895 -o.ti l (-2.44 to 1.22) .52 

FIfl8 motor speed 
ANAM lappng (c.IorTW1ant), 938 -0.06 (-0.83 to 0_72) .89 

rne!TI No. 01 taps 

AN.AM tappng (tllldoolf1arrt), "3 O. 18 (-0.93 to 1 .28) " rTl6<fi No. of taps 

~: AN/IM.Autamlild~Asooss(l1oot Metri::: a.~~: M")S-O', Me<icaI cu­
oxrnes StWy CcqltM! ~ sm.r. NES3 CPT. ~ EvaII..oI>on Sys!(m, tt'WIJ~ , ~ 
Pe1(lrT"T"11l!'Q1 Tas!; P(MS, ProIie cl Mood SI;IIas: \VMS. Wechsler M<morv $c. ... : WMS3. W!IC!\sI&" Moo-..y Scale, 
ttTd edi!l()1 , 

' Model 1 roeC<:Mlri,)tes lWe!me 1 """-'as 01 lme 2 OUIcorrteS!nd Cleo 'OO9i1(lhdoonta:<.t'-"" ~ (true \ \08O..e6 01 lhe 
outocme moo-;t.nj cl sex. lme 1 age!nd eO..o:lotO't, !nd trna 2 ~ !nd alo':J><j l>S'll. 

TP is too ~ ~ ... eslimate br the ~ stal\J8 __ <nd cIoocriOOs too at.ookJOO d ff<ll1lfnl ., 
~tld IT\OOO1 OUtoJrna scores ~ too ~ <nd ro-depk:Iytld \IfI">.lPS, 

lThe <i<ectic>"l of etroct is clescrbtld rrlI [or statist>caly sigUcMl el!octs 
§H!to', mmI poOOo.'" ~ <:Oe!f6<ms rel\ect poorw oot<rrnes br dept>yers CO"T"IP'l'f'd With rondepioy<lrn: 0IIuwise, llo;tler, 

mmI p::I$'tMl' ~ coofficoet>1s reI\ecIl)a('"" ~for~~edwith ~ 
OLog -lranslormact 
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Table Ei . Deployed and Nondeployed Soldiers at Time 1 and Time 2 E~ceedi ng "Deficit" 
Cutoffs for Significant Outcomes (in the Core Regress ion Model)· 

Percentage Excooding Cutoff 

Time 1 Time 2 , , , , 
Deployed Nondep~yed Deployed Nondeployed 

Outcome Variable (n '" 654) (n .. 30n (n ",654) (n '" 30n 
Subjective OJIcome J-dces 

POMS_ 23.2 240 28.8 21.3 

PClMS tension 25.1 21 ,8 27.1 21.5 

Attontiorl, wOO<ing memory, exa<::u!iYe 
NES3 CPT, 0fTllSSim enors t 28.2 25,3 27.5 17,5 

lBaming ard merrvry 
'#MS3 Ve-bai Paired AssocIates. 21.8 22.4 16.0 10.2 

IearrW'9 tnals. No. correct 
INMS VIsual Reproj..diorls, 25 t 21.4 "" 22.7 

% "''',,'''''' 
Sim:>Ie teOCtlon lime 

AJ-JAM SirTlple reoction tme 26,6 21.4 25.1 24.0 
throu;JlP-lt 

AI)t:..-<MIlti<ns' ANAM, Aulom,)lOd Nelsop!.)'CI1OIoOgiCaI Ass9ssrre"l1 Metr'c; NES3 CPT. ~ E",*",lOO1 Sys. 
tom, tt.d ro!ion. CootJ-ows F'I!rIormInJe Ta<;!(; POMS. ProNe 01 Mood States: \\IM.<;. WfdlsIer Mu"norvScai6: WMS3. 
Wad"Isk>" Memory ScaIo, ttId o:d\o!::o1 

" IM ~.u. _ sO<tlty across obse-"valx;nS because 01 "'"""9 <ilta In ~ 950-96Q, Wolls are b,"l$ed on the 
"lOSt(tys!lO'lC!i:JnaI ~v,'lhrn theoo.rrnllt ~atba8eiine, Because ant !}\om r-cmtJerut p;:a"11(eg , 25It1 pe'­

cmtile) does r"o;l! ~ corr-osponcI cWectIy 10 the distrbrtion 01 oct ..... :I<Xlr95, \tie percerltago "'~ deIiciI 
cutoffs may v~ sIigltly fr01125'lb at 1_ t 

t t.og.tr..-.skwmed 

Influence of Stress Symptoms, 
Depression, a nd Head Injury 
on Primary Outcomes 
The individual inclusion of time 2 pel 
seores, CES-D s<:ores. and head injury in­
curred between time I and time 2 as co­
variates to the (ore models revealed spe­
cific ,lSSOcimiolls between the covariates 
and several outcome measures. How­
ever, taking int o account vari:mce anrib-­
utable to these covari;lles rcvc;l1cd that 
deployment cominued to exert a signifi­
cam effcct for all neurobeh;lvioral out­
comes found 10 besignifi(aTl1 using lhc 
core model (T AIIl.!: 7). Post hoc analy­
ses taking illto aCCOUll1 change in PCl 
scores from time I to time 2 <IS a covar­
iate likewise indic:lted that deploynwnt 
exerted a significaTl1 effect for neurobe­
haviural outcumes found to be signifi­
cant using the core mudd. indepen­
dent of allY worsening of PTSD 
srmptoms. Additional post hoc analy­
ses that repeated the gcnefalized esti­
mating equations using the core model 
but excluded from the sample the 63 par­
ticipants who reported incurring a head 
injury with luss of consciousness bc­
tween time I and timc 2 revealed the 
identical pattern of results to those gen­
erated using the cntire sample. 

COMMENT 
This, 10 uur knowledge, is the first con­
trolled cohort s tudy to incorporate pro­
spective examinat ion of objcctivc neu­
ropsychological outcumes associated 
with W;H-wne deployment. Thc de­
sign included primary d,lta collection 
both prior to and shortly after deploy­
ment and a nondeployed comparison 
sample. ResulL~ suggest that OIF de­
ployment is associated ;H least tran ­
sien tly wi th subtle alterations in neu­
ral functioning , as indicated by 
population shifts in thc neuropsydlO­
logical perfomlance of dcployed vs non­
deployed soldiers. These shifts in ­
clude reduced profiCiency in sustained 
attention and mcmory, heightened 
negative slate affect renecting in­
creased feclings of confusion and ten­
sion , and an advantage in reaction time. 
Conversely. there were 110 significanl 
effects of deployment on fine motor 
spced, execu tivc aspects of attention, 
cognitive efficiency, or slate measures 
of irriwbi1ity. depression, fatigue, and 
vigor. Previous reports have described 
signifk'Unt negative mental health con­
sequences associated with olr deploy­
metll. l.J The findings of this study sug­
gest t hat mental status changes rela ted 

10 Iraq War participation extend be­
yond psychiatric CO]l(erns 10 circum­
scribed adverse neuropsychological 
consequences. (l!l outcome domain with 
high relevance to occupational and psy­
chosocial functioning and highly sen­
sitive to brain dysfunction. 

The memory and attention prob­
lems cOlllmonly reported by Gulf \Var 
veterans highlighted neuropsychologi­
cal dysfunction as an area of con(ern 
among deploying military personnel. 
Ilowever, results of studies examining 
the objective neuropsychological per­
fonnances of Gulf War veterans yielded 
a mixed panern of results that has been 
diffi('ult to interpret because of the abo 
sence of baseline data and long inter­
vals between war-zone return and neu­
ropsycho logical assessmenLJl Our 
findings indicating deployment ef­
fects 011 sustained attention, leaming, 
and memory suggest lhat negative neu­
ropsychological outcomes following 
Iraq deployment cannOI be aHributed 
to preexisting dysfunction and lhal it 
is unlikely that intervening variables in­
fluenced perfonnanccs Significant ly due 
to the relatively abbreviated interval be· 
tween war-zone return and assess­
ment. Consistent with a recent report 
of British military personnel deployed 
10 Iraq, )} we did nOI find a deploy­
mcnt effect forsubjcClive indices of neu­
ropsychological compromise as pro­
nounced as thaI revealed by some Gulf 
War findings H -

1b
; however, deploy­

ment 10 Iraq in this study was associ­
aled with increased self-report of con­
fusion. 

Our find ings also suggest that de­
ploymem is associated with a neurobe­
havioral advantage in reacting quickly 
,Illd efficicmly to simple targets. This 
finding seemingly contradicts t.he dec­
remenLsin memoryandaltentional out­
comes revealed by this slUdy. How­
ever . when considered within an 
evolutionary framework , the pattern of 
findings is consistent with ncurobio­
logical responses dirccled toward sur­
vival. That is, when confronted with life 
I hrent. physiological responses occur in 
preparation for life-preserving ac tion. 
Among the array of neurobiological 
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rvrllls encompassed by Ihe "flight or 
fighl" n:sponse, neurOlransmi!ler sys­
teills associated with increased arOUSo'l1 
(eg, 1l0radrenergic sys tem) become ac­
tivaled, while neuroendocrine re­
sponses become altered via the hypo­
thalami c-pi tll i tary-ad ren al axis.17.1Q 

Such ncurobiological alterations can 
result in heighlened behavioral reac-

NEUROI'SYCHOLOGI G \ L OUTCOMES Of' IRAQ WAR ARMY PERSONNEL 

tivilY (eg, gUickelled response limes) 
but dampened at lent ion, learning. and 
memory for non- Ihreal-re!cvam stimuli 
and events.H:W:11 Most of the partici~ 
pants in this s tudy faCt:J prolonged 
exposure to significant war-zone slres­
sors while deplo}'cd, many of which 
would be categorized as imminently lire­
threatening. Such physiologically based 

responses could arguably have contin­
ued to affect cognitive functions i1110 the 
period in which postdeploymetll assrss­
men15 were conducted. 

As predicted by prrvious resc.1rch.<l-+1 
higher levels of PTSD and depression 
symptoms were associated with rela­
tive pcrfonnance deficiLs on several neu­
ropsyehological measures . However, 

Table 7. Results of Generalized Estimating Equation Adj usled for Battalion·Levei Units Examining the Effects of Deployment Status 
on Neuropsychological O utcomes Using Enhanced Covariate Models· 

Modcl 2: Core Covariatcs. Modal 3: Cor", Covariatas. Model 4: Core Covarialas, 
nme 2 PCL nme2CES-D nme 2 Head Injury 

p p p 
Outcome Variable 1>(95% Cllt Value !> (95% Cllt Value !> (95%Cllt V.~ 

Subjective outcome i"dces 
MOS-GF 0.30 (- 1.92 10 2.52) .79 - 1.74 (-3.94 10 0.47) " - 2.33 (-S.1 910 0.53) ." 
PO\.lS trig(¥", T SCCI'et - 1.54 ( 1.83 to -1.25) < .0::11 -o.58{ 1.45100.29) .,g -0.32 (- 1.2810 0.64) .52 

POMS <iepessiorl . T scoret -0.98 ( 1.44 to -0.51) <.001 -0.30 (-0.9610 0.35) 36 -o.D7 (-0.88 to 0.73) .86 

POMS~, T SCCI'et 0.43 Hl.09 to 0.95) .w 1.22 (0.40 10 2.(4) 003 1.36 (0.6810 2.04) <.001 

PCli\AS falig.Je. T scora~ -0.78 (_I.ll to 0.21) " -0.07 ( 1.23101.10) " -o.I 1{ 1.1 2 10 0.90) .M 

POMS len$on, T scorat 0 ,30 (0 ,00 10 0.54) m 1. 19 (0,53 10 1.84) < .em 121 (0,5510 1.88) <.001 

POMS,,¢, Tscore 0.01 (-0.76 10 0,79) .98 -0.39 {_1.41 100.63) " -0.36 (- 1.22 10 0.5IJi ." 
Attention , ~ rnerroy. e:<ec>.JtM3 

TrailllifOOg B-A, st:§ -O.Q1 (-0.04 10 0.02) A' -0.01 (-0.04 10 0.02) A' -0,01 (-0.04 to 0.02) .36 

NESJ CPT. comnission f:lrlCfst§ 0.06(-0.0110 0.1 2) " 0.06 (-O.OI to 0.12) 00 0.06 {-O.OI 100.12) .08 
NESS CPT, orrosso:n errors.l§ 0.10 (0.05 to 0 , 14) <001 0 .1 0 (0.00 to 0. 15) <.001 0 .10 (0.0610 d. IS) <,001 

Leamflg 1rd memory 

V""" 
1NMS3 Vari:I<V Pajred Associates, - 1.45 (- 2.41 10-0.49) .003 - 1.57 (- 2.49 to -0.64) <.001 - 1.57 (- 2.54 to -0.60) .002 
~ trials. No. CO'TCC1 

WMS3 Vabal Pallw Associates, -0.94 (-2.70 to 0 .81) .29 - 1.09 (-2 .95 to 0.77) .25 - 1. 12 (-3 .0910 0.85) .26 
% retmllctl 

Visual-spatial 
WMS VISUal ReprcdoxtiCfls, -0.54 (- 1.25 10 0.17) ." -0.60 (- 1.27 to 0.07) .08 -0.54 (- I .2510 0 .1 7) " imrTl(l(iale recaI, No. CO'TCC1 

WMS Visual F\eprOOUCliCflS. % lels llion -3,63(-5.3110-1.96) < .001 -3.69 (-5 .4710 - 1.91) < .001 -3.83 (- 5.60 10 -2.061 < .001 
5rnple rooctioo ~mo 

ANAM simple react>:::n tine th.~ 5.03 (2.57 to 7.49) < .001 4.16[1.69 to 6.64) 00' 4.03(1.3 1 to 6.74) .00. 

Cogflt.iw offlciency 
ANIIM c:OOe substitutioo. klarnong ttToughp.Jt -0.56 (- 1.33 10 0.20) '5 -0.76 (-1.5210 0.00) 06 -0.81 (-1.62lo-O.Q1) .06 

ANA."-'1 ccoo substituU oo. delay ttv"oogrpn 0.43 {-O.58 to 1.44) AO 0.23 (-0.71 10 L17) 63 O. 17 (-o.73 10 1.06) ." 
ANAM matdYlg 10 sanple \h"oughpJI -0.4 1 {- 1.28 to 0.46) .36 -0.61 (- 1.42 10 0.19) ." -O.74 ( 1.60100.11) .00 

NWJ, logical 'elalions t~WQIlJut 0.49(-o'16 to 1.1 5) ." 0.42 {-O.27 10 1.10\ .24 O.4t {-O.29 to 1.10\ .25 

ANAM mathematical )Yocessing \h"o..JQI"pJI om (-0.62 to 0.63) 98 -o.Q1 1-O·63 to 0.62) 98 -0.03 (-0.66 to 0.60) 92 
NWJ, n.oing mElITICf)I ttv"wg/'p.Jt -0.26 (-2.00 to 1.48) .77 -0.83 (- 2.34 to 1.09) A7 -0.52 (-2.43 10 1.39) .59 

Fm rrotCf speed 
NWJ, tappng (dorrW1a1I) , rne<lr1 No. at taps 0.10 (-0.70 10 0.91 ) .80 -0.02 (-0.77 10 0.73) .96 0.04 (-0.76 to 0.83) .93 

ANAMlapping(~t) . 0.33 (-0.73 to 1.38) .54 0.18 (-0.89 to 1.25) .74 0.14 (-0.97 to 1.24) ." I'r1OO"INo. of taps 

J\I:lbnMatb<1s: MIAM, AulomoIOO ~ ~ Merrie; CES·O. ('.Et1 ta< lor EpOO I oobgicaI Slcdioo ~ I1\Io1toty: a , ~ ".......,.; MOS.cF. ~'OOicaI 
OJlccmoo St,dy (;(:grwtMo F~ Scale: t.ES3 CPT. ~ Eva.J8Iion S)os!I;m. lhi'd Aditbl, C<.rlbrl..OJS fVIornl/nCe rMl<; PeL PTSD 0l0cl<Iist; POMS. ~ 01 
Mood Stales: WMS. w..:tlsIef MemoIy &$; WI\63. W~ M<YnOry Scale, tt.d!Dtl:Jn. 

'M::>:IeI2C<M>'\;llOSMllt>ecor,,(;I;M)"la!8oo1 (IWna I • ....,al lt>B OOtCOfTl8Inl:'19.14.l "'sex. t ..... I oge<Y>ded.lCatbl. ,.-.;I t ..... 2~!rod aIcci'd l.IS<ll!rod tme2 iX'SItra<.matlC_ 
ciso'OOr S)I1rptom"""""'Y' ~ 3 covaintes ... a the core C(Mri)te 001 ,.-.;I tme 2 dcp'ossiorI_ry: rro::IaI4 C<M!o'iatoo ..., I"" cora """""'t" sec ,.-.;I cxn.<rer<:e of head irjtxy 
_ loss cI C<Jr"6C>OU5ileS t«woon Inle I !Y"d!me 2. 

til is !he ~ fX"'aneia" 9Stnme Ie< the <lapIa,moot Slat .... ~ an:! 000ctt>es It>e absoIJIe diIle!...-.ce ., "",,",00 maan c:utcome SCttOO lle!woon It>e ~ ard _ .... 
jHghet'. ffO'e po!iitiva ~ coefticie1ts rcftecl poonY OOIcomus lOr d9pby9"s <:O"TlHoo _ ~: OlhIrMoo, /"io;fH. mom pos;tiYe ~ coefficimts r1!!Ioct ban... oot~ br 00-
~~wiItl~s . ... -

(12006 Anlc rican f,kd i c~1 Associ~tj" n. All righL~ ~ ... "d. (Reprinted) lAMA. August 2. 2006----V,,) 2%. NO.5 527 

Downloaded from \VWW.jama.com at US Army Medical Command on January 13, 2010 



NEUROI'SYClIOlOGICAl OUTCOMES Or: IRAQ W,\R /\RMY PERSONNEL 

emotional Sympwms did not fully ac­
count for associations between deploy­
ment status and Ileurohehavioral 
outcomcs_ Thus. although dcployment­
related neuropsychologica l decre­
ments may be in pMI rc1a1ed to emo­
tional status. neuropsychological 
dysfunction also occurred indepen­
dent of emotional responses_ Such 
dissochltions between self-reported emo­
tional symptoms and neuropsychologi­
cal performances may reflect at least 
tmnsienl desynchrony bctween subjec­
tive and phYSiological components 
of the stress response.on Alternatively. 
it may be thM particip:mts under­
endorsed emotional symptoms_ 

These findings could not be explained 
by contextual or demogr.lphic variables 
such as formal educationalattainilltnt or 
recent sleep and alcohol consumption 
pallerns. It is possible that other contex­
tual variables, such as differing percep­
tions about the signitlcance of the study 
and changes in motivation, contributed 
to a deploymellt effect. 110wevcr, there 
were no differences between gruups on 
a cognitive test of tffort, and all partici­
panL<; performing below a threshold on 
theeffoTitask were excluded from analy­
scs. Furthermore. qualita tive remarks 
made by participan ts sugge~ted that 
deployment increased the panici rmnts' 
understanding of the study. Utllikcly lead­
ing \() a deployment-related decrease in 
motivation. 

It is ,1Iso possible that other at­
tributes of the deployment resulted in 
neuropsychological compromise. A 
subset of both deployed and tlotHle­
ployed study panicip.'lnts reported mild 
concussive injury, bUlthe presencc of 
an imcrveni ng concussive head injury 
failed to cxert Significant impact on ob­
jective neuropsychologital ou t<:ome.~ _ 

This finding should be interpreted cau­
tiousl~', given that the measure of head 
injury included in the analyses was 
quite general (potentially including a 
range of severities). that the slllall num­
ber of panicipants with head injul)' may 
h,IVC resu lted in reduced statistical 
power to detect a head injury effect. and 
lh;l1 we did not me,l<;ure repetitive non­
concussive bias! exposures. 

In addition, many participants 
reported exposure to potential environ­
mental hazards. although most were con­
sistent with exposures typical of mod­
ern urban life (eg. air pollut ion. u<;e of 
inS<.'t:l repel lam). and deplo)'mt11l did nOl 
show an effect for some measures typi­
cally thought to bescnsitivc [()SOllle types 
of neurolOxicants (eg, f1nt motor speed. 
executive functioning). Nonetheless. fol­
low-up efforts will necessarily include 
examination of potential mechanis!n~, 
such as lllore detailed head injury char­
acteristics. extent and type of slfessexpo­
sure. and objective environmentallllOni­
toring data. a~ they Occome availablc_ 

Regardless of the mechanism in­
volved. these findings point 10 a pos­
sible negative health consequence of 
war-zone deployment: neuropsycho­
logical compromise. The levels of such 
compromise were relatively mild and cir­
cumscribed. That is. the neuropsycho­
logical disadvantages associated with de­
ployment include a range of scores th:1I 
overall do not reach absolute clinical 
thresholds of sign ificant impairment 
akin to advanced neurological disease 
state; however, even small declinl':S in the 
ability to sustain attentional focus and 
learn and remember new information 
may rellen subtle neural dysfunction, 
lead to prohlems in day-to-day life, and 
negatively affect performance in high­
pressure contexts such as subsequent 
war-zone participation. Such subtle al­
terations may also represent a pro­
drome or surrogate for diseasc.i6 In this 
case, it c()uld be speculated that the 
stress-consistent pattcrn of deficits. if 
sustained. represents a surrogate for bio· 
logical stress responsivity and a pro­
drome for evemual development of 
S!ress-rehlled somatic (eg. cardiovascu­
lar) and mental (eg, IXlsllraumalic stress 
disorder) health disorders_ 

Epidemiological investigations of 
exposure-outcome relationships fre­
quently document suhtle hmin dysfunc­
tion in which an afJected group includc.~ 
a few members wi th optimal outcomes 
but more memhers with poor out ­
comes. indicating a shift away from nor­
mal health. r-orex.1Illple, scorts of us little 
as 2.5 lQ-point equivalents have heen 

found 10 differentiate children exposed 
to mC.lhlymcrcury and lead from those 
not exposed.H

.*, These ~avemgeH scores 
may not appear 10 be cliniCo'llly signifi­
cant but represent a population shift in 
which the risk for the population is 
significantlyahered by the exposufC vari­
able." Clinical implications of our find ­
ings include implementation of neurop­
sychologic<li screening among military 
personnel returning from war-zone 
deployment and attention to the cogni­
tive complaints of military personnel 
returning from deployment (even when 
medical workups do not suppon a clini­
Co11 (]i:lgllosis). 

Because we included only active­
duty Army soldiers in this report, gen­
eralizatiou of results to other military 
branches or to National Guard and Re­
serve personnel activated for deploy­
ment may be limited. In addition, our 
assessment of brain dysfunction was re­
st ricted to behavioral indices. Future ef­
forts will benefit from inclusion of other 
measures of brain integrity. such as neu­
roimaging. Moreover, because this re­
port includes only I postdeploymcnt as­
sessment, it is unclear whether changes 
in neuropsychological functioning en­
dure or whether they arc predictive of 
subsequent somatic or mental bealth 
problems. Nonetheless, this effort ad· 
dresses many of the more signifkanl 
limitations of prior deployment health 
outcome studies, including the bck of 
baseline data. small or regionally re­
cruited convcniencesamples, reliance on 
subjectivc appraisals of neuropsycho­
logical health, and prolonged intervals 
between war-zone return and assess­
menL \Ve have continued to follow this 
cohort longitudinall>" broadened the as­
sessment 10 include occupational Olll ­

comes. and included a s,'lmplc of Na· 
tional Guard personnel, all necessary 
steps in determining the course of dt­
ployment -rclat cd nell ropsychological 
decrements and understanding the 
longer-term public hc;llth impact of \\"Jr­
zone deployment. 

Author Contributions: Drs Vasterling and Prodo< had 
full access 10 ail 0/ Ihe data in the study and take re· 
spor!sibility for the ,nleglity of the data and the ac· 
curacy of the data analysis_ 
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